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To maintain uniformity in estimating the cost requirements of the various 
components of the 6 GeV Light Source, the following procedure will be used by 
all the task groups. The procedure uses a Work Breakdown Structure (WBS) to 
break down the project into manageable, easy to estimate, components. The 
project is first broken down into major tasks or categories. Then each major 
division is continuously subdivided until the desired level of detail is 
achieved. This can be shown best by using the example of the WBS of the Aladdin 
Upgrade Project, excerpts of which are included in Appendix A. As shown in the 
example, the project is first divided into: 

1.1 Project Management and Administration 
1.2 Accelerator Physics 
1.3 Special Research Facilities - Aladdin 
1.4 Special Research Facilities - Experimental 
1.5 Conventional Facility - Building, Utilities, Shielding 
1.6 Contingency 

For this example, "1.3 Special Facility - Aladdin" is further subdivided: 

1.3.1 
1.3.2 
1.3.3 
etc. 

Continuing, "1.3.1 

1.3.1.1 
1.3.1.2 
1.3.1.3 
etc. 

Aladdin Ring 
Injector Transport System 
Accelerator Control System 

Aladdin Ring" is again subdivided into: 

Ring Magnets 
Ring Vacuum System 
Survey and Alignment 

This subdivision procedure continues level by level until the desired detail is 
achieved. At that point a detailed cost estimate can be made for the particular 
component. After having calculated the cost of the individual components, one 
can, by mUltiplying and adding costs, easily calculate the cost of a subsystem, 
system or the whole project. 

A preliminary draft of a Work Breakdown Structure for the 6 GeV Light Source 
Project is included in Appendix D. It is far from complete, but is included to 
provide an initial starting point. 
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DETAILED COST ESTIMATE 

A spread-sheet format for the detailed cost estimate is shown in the Aladdin 
example on page A-5. Two work sheets are provided for the detailed cost 
estimate. The Detail Cost Estimate form (Form A) provides for the most detailed 
level of estimating to be used. The Summary Cost Estimate form (Form B) is used 
to summarize the data from the detailed cost estimate forms. It can also be 
used as a summary sheet at each WBS level. The headings should contain the 
names of the major component/system and subcomponent/subsystem, the appropriate 
WBS number, date of estimate and the name of the estimator. On Form A, each 
item of the component is identified by item number and title. The detailed cost 
estimate is divided into material cost and labor cost. 

Material Cost 

The "Material" section is used to describe both "raw" material costs and the 
"finished" material costs of purchased or manufactured parts. The "unit 
measure" column should show indications of "lbs", "feet", "each", "gals", etc. 
The "no. of units" column should indicate the quantity required for this 
component. The "unit cost" column should show the cost of one unit and the 
"cost basis" column must indicate how the cost was calculated using the 
following COST BASIS CODES: 

VQ 
CP 
EU 
A79 -
A80 -

Vendor Quotation 
Catalog Price 
Estimated but Undocumented Price 
Actual cost from '79 (escalated to FY86$) 
Actual cost from '80, etc. - any year. 

The standard escalation rates listed in Appendix B (Parts A and B) should be 
used for calculating the actual cost (in FY86$) from other years. 

Labor Cost 

The labor costs are broken down into number of units, the number of hours 
required per unit and the total number of hours required for all units. The 
"craft code" column defines the type of labor required and the hourly cost of 
that labor. The craft codes and hourly rates are listed in Appendix C. All 
labor/effort will be estimated in "hours" with the following assumptions: 

1 M-day 
1 M-week 
1 M-month 
1 M-year 

8 hours 
40 hours 

166 hours 
2000 hours. 

Special attention must be paid to the Davis-Bacon Act for many of the crafts. 
Manufacturing and installation crafts are usually assumed to be outside 
personnel, and technical effort can be assumed to be from within the Laboratory. 
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Example 

The example on page A-S shows how all this comes together. The example covers 
WBS code number 1.5.3.4 Beam Line Radiation Safety. It is a part of WBS 1.5.3 
Radiation Safety, which is a part of WBS 1.5 Conventional Facilities - Building 
Modifications, Utilities, Shielding. Following the example by item number, one 
can observe: 

1. Purchase materials for 20 safety shutters at $14k each for a total of $280k. 
The cost of materials is estimated but undocumented (EU). 

2. Fabrication will require 40 hours per shutter for a total of 800 hours of 
a regular, non-specialized, shops person (Sl) at a rate of $40.00 per hour. 

3. Assembly will require 10 hours per shutter by a skilled technician (T2) at 
a cost of $40.38 per hour. 

4. Installation and testing will also require 10 hours per shutter of the 
skilled technicians time at the above rate. 

S. Drafting and documentation of this one package will require 20 hours of 
a draftsman (DR) at a rate of $34.60. 

The example continues by describing the material and labor costs for beam line 
vacuum valve interlocks. It should be obvious that this particular WBS detailed 
cost estimate should have been broken down further into two cost estimates: 

1.5.3.4.1 
1.5.3.4.2 

Safety Shutters 
Vacuum Valve Interlocks. 
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APPENDIX A 

A LAD D I ~ U P 6 R A D E 
t ___________________________________________________________________________________________________________ , 

• I 7: :;,~'7,-Il-
:1. AlADDIN LFGRADE - cnST ESTlllATE IFY 85) I: S ·HH3'?21': 
:-----------------------------------------------------------------------------------------------------------: 
: 1.1 I." 
:-----------------------------------------------------------------------------------------------------------: 

!-----------------------------------------------------------------------------------------------------------: 
: 1.2 ACCH.fRA TOR P'rO'S 1 CS bbl." 
!-----------------------------------------------------------------------------------------------------------: 

:-----------------------------------------------------------------------------------------------------------! 
: 1.3 SPECIAl R:£SORO! FACILITIES - IIlADDIN I3bSb.02 

:-----------------------------------------------------------------------------------------------------------: 

1. 3.1 AlADDIN Mill Rllf6 41M.81 

1.3.1.1 RIIiIS M6l£TS 93.22 

1.3.1.1.1 DIPOlES 25. Ii 
1.3.1.1. 2 alr&iM'Olf S 4 •• 
1.3.1.1.3 SflTUPIl.ES I. Ii 
1.3.1.1.4 CORRE CTIIii MGMETS 2.41 
1. 3. 1. I. 5 SUPPORTS K42 
1.3.1.1.6 6 I ROE] ASSEI'IBl Y Kit 
1.3.1.1. 7 IItST ALLATI!JI 3.Q 
1.3.1.1.8 EDIA 1.11 

1.3.1.2 R I II) YACWII STSID 111S.8' 

1.3.1.2.1 VACl.IIJI CHAJ!BERS 125.51 
1.3.1.2.2 P\JfIP I ItS 51 S T 01 143.7. 
1.3.1.2.3 ~~LY • ftlSCELLAMEOUS 773.Bi 
1.3.1.2.4 BfM POSITIIJI 8..EtTROllES 8." 
1.3.1.2.5 Q.EAA I lIS £l.ECfROot 5 18.9t 
1.3.1.2.0 INSTAlLATJ[)( I.ti 
1.3.1.2.7 [DIA 38.5& 

1.3.1.3 SUMY , AtIE)l(I'ENT 4B.B' 

1.3.1.3.1 IIlIIUIIENTS b. :>! 
1.3.1.3.2 SURVEY INSTRUXEkTS 25.58 

1.3.1.3.3 AlI6~ENT FIITURES 14." 
1.3.1.3.4 TRANSPOOT llll£ 3.la 
1.3.1.3.5 AlADDIN RING 1.11 

1.3.1.3.6 EDJA I.I@ 
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!=:::=.X=~=:~&X=======:==::=::=~%========2%==:=====1&:===========:===~Z=====================~&=====:::4=: 

1.3.1.4 RING !lAGMET POWER SYSTE" nS.S6 PAGE 2 

1.3.1.~.1 IUD !WiIET SYSTEJI 26.1b 

1.3.1.~.2 WAIiRIJP1)t£ M6lET SYSTEII 1".91 
1.3.1.~.3 ~ITlm.E SYSTEl'I t ... 
1.3.1.4.~ CDRRECTIIS SYSTEII .... 
1.3.1.~.5 DC DISTRlBUTION 7.21 
1.3.1.~.b EDJA 94.41 

1.3.1.S RING Rf SYSTElI 11S6.B3 

1.3.1.5.1 ACCELERATING CAVITY 2%.67 
1.3.1.5.2 Rf P1)i£R SYSTE" 94.61 
1.3.1.5.3 HIGH VOLTAGE P.S. '.H 
1.3.1.5.~ (JJfiROt RAO , l C* POWER Rf £QP?fT. 93.71 
1.3.1.5.5 I ItSTAl lATlOli '.M 
1.3.1.5.6 EJlA m.£:) 

1.3.1.6 RING lOW LEVU £l.ECTRi)CICS 1428.bI 

1.3.1. b.l YACUlJI 101 mJWl6 AltD POI£R 1B7.9t 
1.3.1.6.2 lEAl! OJ ASIIIlS Tl CS 551.21 
1.3.1.6.3 BEM mDiACt ~7 .BI 
1.3.1. 6. ~ COXTROl ROO/'! Eli CT R{).l/ I CS BS.4i 
1.3.1.6.5 ~ICATIC»CS 11.48 
1.3.1.'6.6 TI"ING 84.M 
1.3.1.6.7 itA.'! STEERIKti 163.Si 
1.3.1.6.8 EDIA 2%.41 

1.3.2 IMJECTIOII ~T SYST9I 1627 .11 

1.3.2.1 B£M T~R MSlUS 391. Lt 

1.3.2.1.1 DIPOLE MGI(fTS 42. II 
1.3.2.1.2 ~MQ£Ti 112 •• 
1.3.2.1.3 TRIll' STEfRIIfG MQ(£TS 35." 
1.3. 2.1. ~ oc st:P TUII AA6It£T S 49.71 

1.3.2.1.5 (lD:fR 1IA6I1ETS( III 1.3.2.3.51 8." 
1.3.2.1.6 SUPf'ORTS 41.1i 

1.3.2.1.7 ftC SEPTUII ",,6)(£1 61.3.1 
1.3.2.1.8 I KS TALLAT I ()fI( I.M 

1.3.:'.1.9 EDIA 61.2@ 

l.3.2.2 BtM TRAI($f"ER VACUtft1 SYSTEII 7.77.1@ 

1.3.2.2.1 TR~S?ORT CHMBE"S 4b.8t 

1.3.2.2.7. IMJEC10R YACUU/I PUIIPIH6 K21l 

1.3.2.2.3 STRAI6Hl SHlI()Ij BOl 153.11 
l.3.2.2.~ IWSlr.J.LAHDH 1.12 

U.2.2.5 EDIA O.lla 
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, 
t , 

P~E 3 
1.3.2.3 ifM T~wSFER rovt:R SYSTErlS '145.81 

U.2.3.1 JlPOtE POWER SlSTE~ ~." 
1.3.2.3.2 aJAJR'IJPOlE POlIO 5 Y S T E Ir.j 24 •• 
1.3.2.3.3 a6£CTlIIi ~ SYSTE~ 4tl." 
1.3.2.3.4 Ie stPTllII POlO STST8IS 32.S. 
1.3.2.3.5 UOD POWER STSIDIS 578.21 
1.3.2.3._ t( S£P 11JI POl6 SYS T Ell 79.51 
1.3.2.3.7 DC DISTRIBUTI(JI IS." 
1. 3.2.2.8 IISTAllATHJC •. 38 
1.3.2.3.' EllA 1211 .• 

1.3.2.4 B£M rwSFER lC* L£YH ElECTR(JIICS 14." 

1.3.2.4.1 WtCOOI "OiIIITCIlIICS ~o PUIIPl1l6 I .• 
1.3.2.4.2 IEM IOC lTCIlIE 14.11 
1.3.2.4.3 EllA I." 

1.3.3 ACrufRATOR cn.-r2Ol SYSTEII 9H.71 

1.3.3.1 I£Tnr: 171.19 

1.3.3.1.1 CllITR1ll VAl 1.1i 
1.3.3.1.2 D£V£L 0??If1l T IJAI 131. 31 
1.3.3.1.3 SATUIAY "ICRO 8.13 
1.3.3.1.4 DE'tUO?1IOIT 1\ I 01 a 8.13 
1.3.3.1.5 St'AAt 111010 11. 13 
1.3.3.1.11 I InAS TRUC T'J5/:£ 12.2t 
1.3.3.1.7 Ell IA I .• 

1.3.3.2 COICSa.£S 314.41 

1.3.3.2.1 OJ(S(lE 1 a3.21 
1.3.3.2.2 mesa.( 2 a3.21 
1.3.3.2.3 D£VElONlE M1 CONSOlE 83.21 
1.3.3.2.4 PaiT Uti a.soc..E 11.111 
1.3.3.2.5 EllA 53.n 

1.3.3.3 ST~ RIWl:i IIICRO-W/'IPUTERS 2bb.72 

1.3.3.3.1 M1I( 11:.61(£15 19.15 
1.3.3.3.2 (If SYST(II 12.43 
1.3.3.3.3 CORRECTl~ SYSIE~ 711.0 
\.3.3.3.4 STEERiH6 SY5TE/\ 51.22 
1.3.3.3.5 VAUJUI", SYSTE/\ 61.~1 

1.3.3.3.6 EDIA 53.1i 

1.3.3.4 ~OSTE. /\I[RO-[O~UIERS 192.5! 

1.3.3.4.1 III CRor ROil 22. 83 
1.3.3.4.2 SYMC~OTROW 22.47 
1..3.3.4.: IIIS;:EL~AIIEOUS 11. S8 
1.3.3.4.4 TRAASf':J1i T Llloif 17.Q3 
1.~.3.4.~ IKJ£:~: ON 12.69 
, "\ ~ i • ['"ro'" 



I. 3. ~ 

1.3.~.1 

1.3.4.2 

BI. 10 lIlJECT~ SYSTEII 

SCAADI TRO'UI c!»(TRACT 
SRC Eff~T • IDYEl. 

A-4 

7 ..... 1 
21." 

PA& 4 
7.2t.N 

:------------------------------------------------------------------------------! 
: 1.4 SPECIAl. RfSfMDI FACILS , EIP£RIIOT~ '.M 
!----------------------------------------------------------------------------: 

1. •. 1 

1. •• 2 
IlSERTlO* DEVICES 
PliO T ~ BEAI'l. HIES 

'.1.1 .. " 
!-----------------------------------------------------------------------------------------: 
: 1.:') UUIV. FACILS - JU6 IllDS I UTIlS, SHlO 
:------------------------ ---------------------------------------------------: 

I.S.1 iUllDI-. ftODIFICATlaNS It<I.U 

!.S. 1. 1 TtMU. KU 
1.5.1.2 EDIA IS." 

1. 5. 2 SHIELDI., n'.I' 

1. 5. 2.1 ~T TABlfS 3.1. Ie 
1.5.2.2 SHIEL;IIt6(VAa.T UICGCCUPIED) 7'.i.1e 

1.5.2.3 SfCURITY 3." 
!'s.2 .• SHI£UIK6!YAJ.l..T OCCUPIED) 72. It 
1.5.2.5 Bf AI'Il I IES IS." 
U.2.6 EllA ~.II 

1.5.3 RAD I AT! 0tI StlFfTY 4.Sb. BI 

1.5.3.1 TRAASFER 1I1l: I KTERLOCKS lCS. 

U.3.2 aJliTRtllLfD ACUSS IDtiE 2." 
1.5.3.3 MfA DITIJUI6 34.<fI 

1.5.3.4 SAfE TY SHJTTfRS 3%." 
1.5.3.5 IIISC. IICTERuns lI.ti 

U.3.6 EDI~ ?<l.H 

1.6 CO~T lIH;fwt:1ES 2371." 

I. 6.1 ALADDIN ~IIi Rlk6 (2.11 Bill." 

I. 6. 2 lNJECTIOW TRAWSPORT SYSTE" Gel) 321. U 

I. 6.3 CONTROL SYSTE" (2111 7t1.1i 

1. 6.4 Btl ~v INJECTOR (Ill) 7U.U 

1.6.5 COHVENTIONAL FACILITIES (151) !~ '- , 
, ' . ./, 4-
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ALADDIN UPGRADE PROJECT 

'Engineer's Cost Estiaate 

"~jor COlponent/Subcoaponent: was NOT E S 

RADIATION SAFETY/BEA" LINE 1.5.3.4 4/10/85 AVR/JAH RAUCHAS BlSAFE BEA" LINE RADIATION SAFETY 
---------------------------------------------------------------------------------------------------------------------------------~------

Itel: 
No. : I TEll TITLE 

I SAFETY SHUTTER EA 
2 FABRICATION EA 
3 ASSEIIBLY EA 
4 INSTALL ~ TEST EA 
5 DRAFTING EA 
6 
7 
8 VACUUII VAL VE IHTLKS EA 
9 FABRICATION EA 

10 ASSEIIBLY EA 
11 INSTALL ~ TEST fA 
12 DRAFT IN6 fA 

"ateri.l Labor 
Unit : No. : Unit : Cost : Total : No. : Unit : Total : Craft : 

MTL. ~ 

: Total : LABOR 
"eas. : Units: Cost : Basis:"t KS : Units: Hrs. : Hours : Code : S/Hr :labor ~:s: TOTAL S 

20 HOOO EU 280.000 20 0 0.0 0.000 280.000 
20 o EU 0.000 20 40 800.0 51 40.00 32.000 32.00'j 
20 o EU 0.000 20 10 200.0 T2 ~0.38 8.076 8.076 
20 a EU 0.000 20 10 200.0 T2 40.38 8.076 8.076 
I a EU 0.000 I 20 20.0 DR K60 0.692 0.692 

0.000 0.0 0.000 0.000 
0.000 0.0 0.000 0.000 

36 1000 EU . 36. 000 36 0 0.0 0.000 36.000 
36 a EU 0.000 36 8 288.0 SI ~o.oo 11. 520 11. 520 
36 a EU 0.000 36 8 288.0 T2 40.38 I!. 629 11.629 
36 o EU 0.000 36 8 288.0 T2 40.38 11. 629 11 1/9 

o EU 0.000 20 20,0 DR 34.6(1 0.692 2 
--------- --------- -----------------. 
316.000 2104.0 84.315 ~OO.3IS 
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APPENDIX B 

COST ESTIMATE ESCALATION FACTORS 

Escalating costs of past years to FY86 levels. 

FISCAL INFLATION SCALING 
YEAR % FACTOR 

1970 9.0 3.533 

1971 10.9 3.241 

1972 7.0 2.922 

1973 6.8 2.731 

1974 12.8 2.557 

1975 9.0 2.267 

1976 6.8 2.080 

1977 9.2 1.948 

1978 8.7 1. 784 

1979 10.2 1.641 

1980 10.5 1.489 

1981 9.1 1.348 

1982 6.2 1.235 

1983 5.2 1.163 

1984 6.S 1.105 

1985 3.8 1.038 

1986 1.000 

The yearly inflation factors for Part A come from DOE-HEP 1981 
"Analysis of Cost and Price Changes", HEP-81402 and subsequent 
updates. These factors as stated represent a typical major 
construction project at HEP laboratories which demonstrate 
typically a cost distribution of 70% conventional construction 
and 30% technical components. 
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Part B - Escalating FY86 costs to future years. 

NOTE: 

FISCAL 
YEAR 

1986 

1987 

1988 

1989 

1990 

1991 

INFLATION 
% 

5.0 

5.8 

6.1 

6.3 

6.4 

SCALING 
FACTOR 

1.000 

1.050 

1.111 

1.179 

1.253 

1.333 

The yearly inflation factors for Part B are taken from the 
following reference: Letter, D. T. Goldman to A. Schriesheim, 
"Updated Economic Escalation Rates for DOE Construction Projects," 
dated August 13, 1985, and are based on the materials and labor 
data contained in the Energy Supply Planning Model and appropriate 
escalation rates forecasted by Data Resources, Incorporated (DRI). 
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October 11, 1985 

APPENDIX C 

CRAFT CODE / RATE TABLE 

NOTE: This is a simplified list of all available craft codes that appear most 
relevant to this project. The craft rates listed are in FY85$ and will be 
updated in the subsequent spread-sheet cost summaries. These rates are to be 
used for the present. 

* MANUFACTURING/FABRICATION/ASSEMBLY/TEST: 

Technician(Assy,tst,etc.),relatively unskilled 
Technician(Assy,tst,etc.),experienced/skilled 
Shops(Average capability machinists,fab.,etc.) 
Shops(Specialized,precision,high tech,etc.) 
Factory Support(Parts handling,inspectors,QA,etc) 
Factory Support(Superv,mangrs,prod.engr.,etc) 

* INSTALLATION: (Assumes "Davis-Bacon") 

Plumber, Steam Fitter, Sheet Metal 
Electrician 
Carpenter, Painter, Rigger, Crane Operator 
Laborer 
Technician 

** TECHNICAL DESIGN (and Construction where applicable) 
ENGINEERING / DESIGN / INSPECTION: 

Physicist 
Engineer (Mechanical and Electrical) 
Designer/Coordinator 
Drafter 

Craft 
Code 

T1 
T2 
Sl 
S2 
F1 
F2 

IP 
IE 
IC 
IL 
IT 

PH 
EN 
DC 
DR 

Rate 
$/hr 

21.00 
32.00 
37.00 
42.00 
32.00 
42.00 

37.00 
34.00 
32.00 
26.00 
26.00 

32.00 
32.00 
21.00 
16.00 

* Includes hourly base pay, employee benefits, and overhead & profit 
for "outside" vendor or contractor. 

** Includes effective hourly base pay and benefits, but does not include 
laboratory overhead (which will be included in a seperate WBS category). 
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6 GeV LIGHT SOURCE PROJECT 
WORK BREAKDOWN STRUCTURE 

1. 6 GEV Light Source Project 

1.1 Project Management 

1.1.1 Administrative 

1.1.2 

1.1.1.1 Manpower management 
1.1.1.2 Cost control 
1.1.1.3 Schedule control 
1.1.1.4 Procurement 

Technical 
1.1.2.1 
1.1.2.2 
1.1.2.3 

Design 
Quality Assurance 
Safety 

1.2 Pre-Construction R&D 

1.2.1 Theoretical 

1.2.2 

1.2.1.1 Accelerator Physics 
1.2.1.2 Experimental Physics 

Technical 
1.2.2.1 
1.2.2.2 
1.2.2.3 
1.2.2.4 

Vacuum 
Diagnostics 
Control and Monitoring 
Computer Systems 

1.3 Injector 

1. 3.1 Linac 
1.3.1.1 
1.3.1.2 
1.3.1.3 
1.3.1.4 
1.3.1.5 
1.3.1.6 
1.3.1.7 
1.3.1.8 
1.3.1.9 

Electron Gun 
Positron Converter 
Accelerator Cavities 
RF Power 
Vacuum 
Diagnostics 
Control and Monitoring 
Shielding 
Security/Interlocks 

DRAFT 
October 23, 1985 
AVR 



1.4 

1.5 

1.3.2 Positron 
1.3.2.1 
1.3.2.2 
1.3.2.3 
1.3.2.4 
1.3.2.5 
1.3.2.6 
1.3.2.7 
1.3.2.8 
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Accumulator/Booster 
Magnets & Supports 
Power Supplies 
Vacuum 
RF System 
Diagnostics 
Control and Monitoring 
Shielding 
Security/Interlocks 

1.3.3 Beam Transport 
1.3.3.1 Magnets & Supports 
1.3.3.2 Power Supplies 
1.3~3.3 Vacuum 
1.3.3.4 Diagnostics 
1.3.3.5 Control and Monitoring 
1.3.3.6 Shielding 
1.3.3.7 Security/Interlocks 

Storage Ring 

1.4.1 Magnets & Supports 

1.4.2 Power Supplies 

1.4.3 Vacuum 

1.4.4 RF System 

1.4.5 Diagnostics 

1.4.6 Control and Monitoring 

1.4.7 Shielding 

1.4.8 Security/Interlocks 

Insertion Devices and Beam Lines 

1.5.1 Wiggler Beamline 
1.5.1.1 Wiggler & Cryogenics 
1.5.1.2 Front End 
1. 5.1. 3 Vacuum 
1.5.1.4 Shielding 
1.5.1.5 Photon Beam Diagnostics/Control 
1.5.1.6 Monochromator/Mirror Systems 
1.5.1.7 Experimental Station 
1.5.1.8 Data Acquisition & Computer Control 
1.5.1.9 Vacuum & Safety Interlocks 



1.5.2 Undulator Beamline 
1.5.2.1 Undulator 
1.5.2.2 Front End 
1.5.2.3 Vacuum 
1.5.2.4 Shielding 
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1.5.2.5 Photon Beam Diagnostics/Control 
1.5.2.6 Monochromator/Mirror Systems 
1.5.2.7 Experimental Station 
1.5.2.8 Data Acquisition & Computer Control 
1.5.2.9 Vacuum & Safety Interlocks 

1.5.3 Dipole Beamline 
1.5.3.1 Front End 
1.5".3.2 Vacuum 
1.5.3.3 Shielding 
1.5.3.4 Photon Beam Diagnostics/Control 
1.5.3.5 Monochromator/Mirror Systems 
1.5.3.6 Experimental Station 
1.5.3.7 Data Acquisition & Computer Control 
1.5.3.8 Vacuum & Safety Interlocks 

1.6 Central Control and Monitoring 

1.6.1 Central Computing Facility 

1.6.2 Main Control Room Equipment 

1.6.3 Ancillary Control and Monitoring Equipment 

1.6.4 Networks 

1.7 Conventional Construction 

1.7.1 Site Preparation 

1. 7.2 Buildings 
Linac Building 
Booster Building 

Injector 
1.7.2.1 
1.7.2.2 
1.7.2.3 Beam Transport Tunnels 

1. 7.3 Storage Ring & Experimental Hall 
1.7.3.1 Storage Ring 
1.7.3.2 Experimental Hall 
1.7.3.3 Laboratories 
1.7.3.4 Support Areas 
1.7.3.5 Building Services Areas 

1. 7.4 Main Office and Laboratory Building 

1. 7.5 Lodging Facilities 
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1.7.6 Utilities & Distribution 

1.7.7 Equipment & Furnishings 

1.8 Engineering, Design, Inspection (ED&I) 

1.8.1 Injector ED&I 

1.8.2 Storage Ring ED&I 

1.8.3 Insertion Devices and Beamline ED&I 

1.8.4 AE/CM Services (conventional construction) 

1.9 Contingencies 

1. 9.1 Project Management 

1. 9. 2 Pre-Construction R&D 

1.9.3 Injector 

1. 9.4 Storage Ring 

1.9.5 Insertion Devices and Beamlines 

1.9.6 Central Control and Monitoring 

1.9.7 Conventional Construction 


